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SELF-CENTERING SUPPORTS: MANUFACTURE AND EVALUATION
Harold A. Mackay
Materials Science and Tecrnology Division
Los ..Jamos Netional Laboratory
Los Alamos, NM 87545

! Abstract X , within planar, cylindr cal, conicai.
A variety of engineering and’ " and spherical configurations. It
Experimental applications require: ; vas desirable that the support;
brimary support atructures which T structure have high mechanicalé
are self-centering. High mechani-l ' strengths, low density, and

cal strength, low~density, carbon provide the alignment necessary to

fiber/epoxy matrix composite : achieve planar, axial, and?
;prings are used in unique planar, spherical self-centering of
| cylindrical, coniczl, and spherical . . components. Furthermore, it was
‘;onfiguratioqs to self-centerui ‘ also desirable thasr'ghe support
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components.  The sinusoidal and ~device be :eébiif ‘manufactured,

require a minimm of machining or

|
|
triangular-shaped composite springs

mre readily manufactured and ' dressing prior to use, and lend

assembled into component hardwarc. ' iteelf to conventional means of
Design considerations, flexural :attachment, typically by adhesive
strength properties, load bhearing ; ! bonding or pinning.
and certering data plus procedures; :
for the manufacture of compcsite | Applications for self-centering
springs are presented, structures are manifold. These
Keywords: include, but are not limited to
self-centering spring mirrors and shielding in planar
carbon fiber reinforcement configurations; cooling and heating
epoxy matrix binder ducts; centering of reactor fuel
composite spring rods and solar heating devirces for
1. INTRODUCTION cylindrical shapes; maintaining
The purpose of this investigation center of gravity in conical
wap to devise a configuration and shaped re-entry vehicles; and

method for gsupporting components explosive studien, and spuce shuttle



and magnetic fusion axperiments for
spherical configurations.
2. MATERIALS AND PROCESSING

2.1 Composite spring design and

manufacture

2.1.1 Material selection. Advance:.

compoaites based -u carbon fiber

and Kevlar (a pblypﬁenylert
terphthalamide ecrystalline fi' ..
reinforcement) with epoxy resin
‘binders provide high strength-*o-
(weight ratio structures commonly
iused by the aircraft industry.,

-Although Kevlar provides a tougher

icomposite. it does not have the

“high modulus and strength in com-

:presaion inherent in carbon fibers.
-For this reason, initial investiga-
"tive efforts were directed to the

_development of a carbon fiber/epoxy

centering characti.-.stics. By
mi_ling grooves 0.5 mm in deptt
along the width of the spring,
parts car be produced that ao not
require machining.
deflashing can be done with a belt

-n-tiallv. the desi,q

Any necessary

sander.
prov‘dcd":;;tacts of equal length
at the o.d.-1.d. nodel points.
All radii were 0.635 cm. There
were no design data for selecting

thus or any other radius. Other

; spring desiyrs retalned the%
original o .Jd. contact length but
varied the 1.d. to accommodate
various internal designs; this

necessitated a change in the i.d.
contact length. Although a step

series of six-point contact

springs can be used, a singlims wyide

matrix composite as a candidate ' spring for a conical shape is more

‘material for composite springs. complex and requires a different

| .
.3:1.2 4pr‘45_ dqu;n Egnsid{;a— § mold aesign. R
tions. OtheT than carbon fiber ‘A spherical shape. although more

complex, requires relatively:

- simple two-contact point springs

:type and epoxy matrix, there aref
design considerations that affect’
‘the performar.ce of the composite (Fig. 3) and four are needed t¢
These

include the contact angle radii;'

spring an shown in Fig. 1. center a8 sphere within a sphere 1a

a tetrahedral configuration.

the spring length, thickness, and z.1l.4 Silicoue pressure  pad
width; the angles of the rpring; preparation. The function of the
and any filleting of adhesive at silicone prassure pad 1s ¢to

the spring/substrate contsact angle.
2.1.3 Mold

provide laterul pressure, thereby

Mold design. Three-part forcing the carbon fiber epoxy
8plit molds ara designed for planar preprrg tape inftfo the milled

ard cylindrical shapes to produce a groovas of the mcld during cure in

one plece, six point contact, self the press. The mold is placed on

centering spring (Fig. 2). The a silastic pad in a autoclave.
o.d. 1.d. dimensions are increased Dow Corning RTV 3i20 silccne
0.25 mm in order to plrce the rubber or RTV 3110 is mixed with

epring in compression and impruve catnlyut S, degassed, and then



poured into the molda. 1lne siilcone
is cured at 65°C under 5.6 kg
cm - pressure for 16 hours. After
curing the silicone pad is removed
from the mold and *rimmed. A Viton
rubber insert is also used to force

-the RIV silicone against the

_prepreg tape during press cure.
2.1.5 Prepreg tape preparation.
available prepreg

tapes can be used to prepare the

Commercially
composite springs. However, the
v tape can be prepared in the
laboratory when only a few hundred
grams of material are needed for a
given application. In these iu-
stances, Mylar film. was taped tr:.a
both sides of a 15 x 75 x 1.8 cm
wood board with 0.635 mm spacings
between sets of nails at the ends.
Eleven strands of Union Carbide PAN
. based carbon fiber or 14 strands of
Hercules AS-4 PAN based carboh

P, '._"\"\ =y

fiber were hand wound between the

spacings to provide a parnllel,
unidirectional nesting of carboﬁ
fiber tow, i
A pure diglycidal ether of bisphe;
nol A (Dow Chemical's DER 332) was
cured with a stoichiometric quan-
methylene dianiline,
(4,4'-diaminodiphenyl methane) MDA.

The MDA was liquified by heating to

tity of

90°C, epoxy resin was added, the
mixture was stirred until wvisibly
uniform and then was cooled to 50°C

for use.

The resin/curing-ageut mixture was

brushed on the carbon filaments,

QiU LOLE WeD teneu  wv  wmegumevay
wet, but not oversaturate, the
fibers with an excess of resin.
The impregnated tape was allowed
to B-stage at room temperature for
approximately 36 hours or until
the right degree of handling tack
was obcgzhgé—; EH;—};;;_;;;_Eh;n
stored at -25°C until used.

2.1.6 Prepreg tape forming, cure
A 6.35 mm band

of prepreg tape was finger-pressed

and part dressing.

into a groove of the mold which
had been coated with Camie mold
release agent, Occasionally, a
hot air gun was used to facilitate
forming of the tape at the radii
points. The single Joint was
scarfed and overlapped one (1) cm.
The silicone pressure pad was
inserted into the mold cavity

assembly and backed with & rubber :

pad. The assembly was then placed

N1t ———t—— . — _——

in a compression press. two tons
of pressure were applied, and the
assembly was allowed to heat-cure
for 90 minutes at 135°C. The mold
vas removed and disassembled after
cooling. The cured springs were
removed, separated, and the
flashing removed by sanding on a
belt sander. The adhesive contact
poiuts were also sanded to provide
8 roughened surface for adhesive
bonding.

2.2 Compesite-spring assembly
2.2.1 Planar

Planar

configurations.

configurations are the
easlest to complete. The springs
are inserted 1in groove 1in the

substrates for alignment and
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dhesive bonding or some means
chani{cal fastening 1s needed
event slippage of the compo-
around the springs. 1In this
ace, an epexy/versamid :eneral

se adhesive is adequate,

sgh two-component urethenes

almost equally well but have
r short working times.

Cylindrical configurations.

ally, cylinders are a

ication of » planar configura-

assembly however 18 more

icated. A sBeries of springs

nded or mechanically attached.
1e of the substrates (usually'

lnner cylinder) which then is

ted into the larger diameter

der. Adhesive ig then

‘ted under e&ach of the outer
it nodes for stabllity and
mency (Fig.

—— — fl —_—

y, the inter core assembly maf‘

otated into precut grooves in

outer cylinder wall which.

1Iin adhesive.

) Conical

:al configurations are

‘{cations of cylinders and are,

iding on the cone angle,
that easier to assemble.

¢ Spherical configurations.

ough the springs are rcadily
lcated, their placement within
shells requires the use of a
iring device (Fig. 6) to place
springs at a 109.5° tetrahedral
B, One set of springs 1is
ed to a sphere und hemishell,

the other spring set is bonded

5). Alternaf'

+ ——— — e |

" encounter in end use. Accordingly,

confi_urations.

-= - T - -

Adhesive 15 applied to the springs
of this hemishell half and to the
hemishell equatorial surfaces. The
hemishell halves are then assembled

(Fig. 8) and allowed u: cure.

2.3 Composite Spring Characteriza~ -

wiion. Specifié- characterization

criteris were selected for
lightweight, high

strength, self centering composite

evaluating

springs wused as load bearing
supports., From Fig. 9 1t would
appear that flexure and compres-
sion most likely are the two types
of loading that the composite
sprinz would be expected to see in
end use.

2.3.1 Flexural strength properties

of composite springs. Beam

bending or flexure most nearly
represent the type »f loading the‘i
composite spring are ‘expectad to
miniature flexural speclimens were
cut from the composite apringa.l
These specimens were taken from
the three outer diameter section
lengths in contect with the outer
wall. The slightly curved
specimens wer. tested, as nearly
es possible, in compliance with
ASTM D790-71 by MST-6 Physical
Metallurgy Section. The results
obtained are tabulated in Table I.

2.3.1 lLoad bearing characteristicsa

of composite springs. A test

fixture was designed (Fig. 10) for
evaluation of the composaite
springs in a simple planar

configuration. The disc and ring
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inserted 1into the grooves and

bonded in place. Failure modes were

for the "Y," inverted "Y," and

perpendicular to the ©plane of

loading. These are representative

of the support and translational

Vloading that the composite spring
could be subjected to in end use.
Results obtained for severai
o.d:1.d spring diameter ratios are
tabulated in Table II and Fig. 11,

Testing was performed by MST-o

Physical Metallurgy section. ‘

2.3.3 Self centering characteris-

The

self-centering characteristics of

tics of composite springs.

composite springs were determined
using the simple planar configura-
tion that was used for load bearing
The bonded

asgenbly was cured in a horizontal

~tudies. adhesive

—

position on_a . sheet of Teflon film.

o e e =}
[

The o.d./1.d.

measured at the s8ix nodal contact

oistances vere

points between the inner and outer

substrates.
lated in Table III.

These data are tabu-

2.3.4 Carbon fiber resin ma:vix
ratios. Within certain limits, the
ratio of filber reinforcement to
binder directly relates to the
mechanical strength properties of
the composite, and the "Law of
Additives" is applicable. Since

carbon fibere are not affected by

concentrated sulfuric acid, the

resin content of the composite

spring can be determined by
dissolving the cured epoxy binder

with sulfuric acid at 60°C. The

-

"in favor bf“

the acid once the epoxy 1is
dissolved, rinsed several times,
with water, dried, and weighed.

The volume percentage compositions
of the comporite are determined
from known fibef ago_oggfd resin :.
densities. o o

3. RESULTS AND DISCUSSION
The flexural strength preperties
tabulated in Table I were determined
from "as molded" carbon fiber/epoxy
matrix composite springs display
the expected range of values
cunsistent with fiber matrix-rein-
forcement ratios. Composite spring
configuration is not a factor 1in
this
fiber, Thornel VSB-32T,

although having a high modulus,

instance. A carton-pitch

did not perform as well due <o
britile fracture at lower ultimate

Work was discontinued

strengthq.

the "tougher"
based carbon fibers whirh sgerved
as the basis of this experimental
WOT\..

Assuming that a plane containing
one gelf-centering spring 1is an‘
element of a cylinder, load bearing
tests should be applicable to both
planar and cylindrical configutions.
(six

system,

The spring is a three-~point,

ncdal contacts) support
loads

llYll

therefore, bearing

with the

are
and

Loads

associated

inverted "Y" orientations.
peipendicular to the plane of the
spring are translational and nnt
affected by the "Y" orientaticns.

Support-load data from Table II and



", lower,

spring orientation ard o.d.:1.d.
ratio affect in-plane strength as
well as out-of-plane trarslational

The o.d.:1.d.
provide support
and the 1inverted "y"

which is counterpaft
its.

loading. smaller

ratios higher
loads,

position
stronger than Since the
spring angles were held constant on
cylindrical configurations, part of
this difference may bz attributable
the
o.d :1.d.
Thus at a high o.d.:i.d.

"Y"

to unequal cord lengths of
- diameters at wvarious
iratios.
:ratio in the position, an
applied load can function aes a
wvedge, resulting 1in preliminary
shear and adhesion fallure. Test
“values perpendicular to the plane'
of the

srring are significantly

noticeably at the higher

o.d.:1.d. ratios. A force applied

e e -

— e e = e—

on this plane 1s not a bearing load

but rather one of peel, shear, and

adhesion when the smaller 1i1.d4.
substrate 1s moved in and out of
the spring plane. Althoughl

in-and-out of plane bending can be
reduced by increasing the width of
the spring at least at the contact
not a

points, 1t 1is cure-all,

because excellent bonds between the

spring and substrates are a
preraquisite. The first signs of
failure are in adhesion. This
illvstrated 1in Table II, and

although it is not destructive to

the integrity of the spring

assembly it begine to occur by us

much as 50 percent of the ultimate

Table

obtained as 1long es there

111, seltf centering is

is a
small degree of compression in the
spring assembly. Stgbilization is

for permanency.

required
Stabilization is

-hdhésivé-bbﬁding or piﬂning at the

nodal contact points to obtain a
truss~like structure. As illustrat-
ed in Table I1I,

be no consistency in the self-

there appears to
carbon fiber/epoxy

centering of

matrix composite springs at
o.d.:1.d.
Off-center deviations range from
0.004 to 0.008 mm.
would be expected that the higher
o.d.:1.d which

provided 1less would be

various ratios,

Normally it

ratio springs,

support,

more likely to demonstrate maximum

off-center deviationms.

4. SUMMARY AND CONCLUSIONS
pression molds were designed for
the fabrication of carbon ftiber/ '
epoxy matrix composite springs;
Molds have grooves for containment
prepreg which 1is

manually formed i1into place. A

of the tape

sllicone pressure pad provides
laterul pressure durlng cure at
135°C for 1.5 hours

rressure. Springs are adaptable to

under low

planar, cylindrical, conical, and

spherical configurations and can
be used for a varlety ol applica-
tions requiring self centering.

Flexure strength propertivs deter-
mined from the "as-molded" springs

provided values of 1425-1940 MPa

achieved - by S

"
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110-190 GPa at 48-54% fiber content
by weight.

Although the composite springs
automatically lend themselves to
self-centering, stabilization 1is
required for permanency. This 1is

doﬁé-by—fzﬁaihghgﬁ;_éﬁ}ings to the
substrates with either a general
purpose epoxy or urethane adhesive,
This

provides a stable truss which is

or by mechanical attachment.

capable of supporting many times
| the weight of the internal sub;
~ strate both in the "Y" and inverted
" "™Y" positions. Support load capa-
bilities of composite springs aré
~confizuration Lowef
o.d:1.d. highe;
loadings than do higher ratios, and

dependent.

ratios support

; the inverted "Y" position provides

-'f; the greatest load bearing capability.

I1i most instances, failure of the\
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loading 1s preceded by a failure
in adhesion at one or more of the
nodal paints. At  low
o.d.:i.d. initia” failure
can also be by intralaminar shear
within the composite

Ultimate failure

contact

ratios,

spring.
~ (rupture) 1
generally in flexure in the invert-
ed "Y" position. Transverse loads
perpendicular to the plane of the
spring fall et lower values than

those measured at either of the

"y" positions. Failure is
generally by adhesion and peel
modes. Again, the higher'

o.d.:i.d. ratios have the lowest;
values. Improved adhesive-bonding
techniques or alternate methods of
fastening the composite springs ini
place are areas requiring furtheri

study and improvement.
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centering carbon fiber/epo«y matrix composite springs.

is “



Fig. 2.

s ke e —— — -

A three-part split mold -JFig. 4.. éélf-centering compogite
vith retainer ring, X spring in a planar con-
silicone pad, compos- : figuration. :

’ |

ite spring and prepreg

tape.
h=1 0 1 G W -l

1y

Fig. 3.

l
A two-part split mold { Fig. 5. Self-centering composite
with silicone pad, com- springs on a cylindri-~
posite spring and pre-

preg tape.

cal configuration.



Fig. 6. Fixturing device for pre- Fig. 7.

Sphere supported by com-
posite springs within a
hemishell. i

paring a self-centering

spherical configurntion.i

- _ ;- — B 3
v TN - N = |
———— EIOYOF I TTENT S -
o el & 2N e o Y
Fig. 8. Self-centering springs
in a spherical con- ‘
figuration. ‘
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LEGEND: '
LOAD

FLEXURAL FAILURE
COMPRESSIVE FAILURE
SHEAR FAILURE
ADHESIVE FAILURE

PO MC

Fig. 9. Failure modes for carbon fiber/epoxy matrix composite springs.



Fig. 10. Test fixture for
determining support
load strengths of

carbon fiber/epoxy ma-

trix composite springs.

. amm s = ey

S0 I I T T T T T T I I I
o TESTED IN A DIRECTION
) a TESTED IN Y NRECTION
x or ~ = TESTED IN 1 DIRECTION
a SPRINGS €.35 mm WIDE,
< 30l 0.Smm THICK _
o
]
-
€ 20 -
o
a
a
> 10~ ~
L]
0 T S S SRS SR T

1 1 1
1.3:1 0.4:1 1.5:1 1.6:1 1.7:1 1.8:1 1.8:1 2.0:1 2.1:1 2.2:1 2.3:1
OD:ID RATIOS

Fig. 11. Support load strengths of composite springs in three orienta-

tions and at several OD:ID ratios.
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FLEXURAL STRENGTH PROPERTIES OF UNDIRECTIONAL
L RBON FIBER/EPOXY MATRIX COMPOSITE SPRINGS

rLEXURAL STRENGTH FIBER CONTENT
ULTIMATE (MPs) MODULUS (GPa) WEIGHT (%) VOLUME (%)
1841 m 63.46 43.78
1772 166 5236 42.70
1682 181 4919 4030
1427 12 47.35 3832

MATRIX: DOW CHEMICAL PLASTICS DEPARTMENT; DER 332/ METHYLENC
DIAJILINE (4,4’ - DIAMINODIPHENYL METHANE), DENSITY 1.20

FIBER: UNION CARPIDE CORPORATION, CARBON PRODUCTS DIVISION;
THORNEL 300, 33 M pr! MODUILUS, DENSITY 1.77

TABLE Il
SUPPORT LOAD CHARACTERISTICS OF CARBON FIBER/EPOXY
MATRIX COMPOSITE SPRINGS
SPRING ULTIMATE SUPPORT LOAD (kg) FAILURE MODES
00:1D RATIO WEIGHT (g} A DIRECTION Y DIRECTION [ DIRECTION ULTIMATE INITIAL (g)

13521 26-27 38.77 - - FL AD 20.45
1.450:1 34.-35 36.36 - - co AD 19.55
1.450:1 34-36 - 2205 - FL AC 4.18
1.450:1 3.4-36 - - 1228 AD AD 637
2.006:1 29-31 21.82 - - FL AD11.27
4.270:1 34-37 16.00 - - AD AD 5.80
2.270:1 34-37 - 11.36 - FL AD 6.45
227:1 34-3.7 - - 7.8 AD AD 4,82

CIODE: FL - FLEXURE FAILURE
CO — COMPRESSION FAILURE
AD — ADHESION FAILURE

ALL SPRINGS 6.30 — 6.36 mm WIDE, (.56 — 1.60 mm THICK

TARLE 11l

CENTERING CHARACTERISTICS OF CARBON FIBER/EPOXY
MATRIX COMPOSITE SPRINGS

SPRING 0D - 1D DIFFERENGES AT 180° NODAL MIDPOINTSlem)  M..XIMUM DEVIATION (cm)
0D:ID RATIO A [ [ E c I3 180°  OFF-CENTER
13521 2220 2222 2226 2220 220 2219 0012 0 coe
145011 311 3908 3.8 3908 3117 3.108 0.010 0.006
200511 4566 4558 4S5T 4565 4E6E  4.560 0.008 0.004

22701 6542 5 550 651 6.640 6554 65638 0018 0008



